Zika virus (ZIKV) presents an unprecedented public health challenge as the first mosquito-borne and sexually transmitted virus that has been associated with human birth defects and fetal losses. 1 The first cases of this public health emergency of international concern were reported from South America in 2015, although retrospective studies have since confirmed that ZIKV was responsible for the outbreak in Micronesia in 2007 1 It has been associated with the rare GuillainBarre syndrome in affected adults, but its most worrisome effects are on the human fetus when the pregnant woman is infected, particularly in the first half of gestation. Prior studies have confirmed the association between ZIKV infection during pregnancy and serious birth defects, including microcephaly. The risk of microcephaly after ZIKV infection early in pregnancy may be between 1 and 13%. 4 Ongoing studies are exploring the full spectrum of the congenital ZIKV syndrome. We present the first case of neonatal demise with travel-associated ZIKV infection in the United States, including a novel fetal ultrasound finding and pathological analyses.
Case Presentation
In March 2016, a young Latina primigravida presented to our health care system in Southeast Texas to initiate prenatal care at 23 weeks of gestation. The routine evaluation was only remarkable for body mass index of 35 kg/m 2 . She had an initial screening prenatal ultrasound examination at 26 weeks, which was remarkable for (►Fig. 1).
• Syndromic etiology was suspected, and genetic counseling recommended amniocentesis, referral to the Fetal Center for multidisciplinary evaluation and fetal magnetic resonance imaging (MRI)-which were all declined. Cell-free placental DNA in the maternal circulation was negative for major aneuploidies. The pregnancy continued with sporadic care (gravida missed several appointments, but desired full resuscitation of the infant at birth).
In June 2016, the parturient presented to our institution at 36 weeks with an 11-hour history of vaginal leaking of amniotic fluid and painful contractions. Nonreassuring fetal heart tones, rupture of membranes with thick meconium and frank breech presentation were noted upon emergency obstetrical evaluation, and an urgent cesarean delivery was performed. A growth-restricted, microcephalic, and arthrogrypotic female infant was delivered alive and immediately resuscitated by neonatologists. Despite advanced resuscitation, adequate ventilation could not be obtained. The Apgar score was 2/10 at 1 minute, 1/10 at 5 minutes, 1/10 at 10 minutes, 1/10 at 15 minutes, and 0/10 at 20 minutes; the neonate was pronounced dead 31 minutes after delivery.
The placenta had no gross abnormality; the umbilical cord had a single umbilical artery. The umbilical arterial blood gas had a pH of 7.25 and base deficit of 2 mmol/L. The birth weight was 1,885 g (1st percentile), the crown to heel length was 46.5 cm (50th percentile), and the frontooccipital circumference was 28.5 cm (< 1st percentile).
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Breaking fetal imaging data from Brazil 8 were combined with the prenatal sonographic and neonatal findings triggering clinical suspicion. Therefore the puerpera was approached on the first postoperative day with direct questions regarding possible ZIKV exposure. Upon revisiting her travel history, she disclosed for the first time that she had reached Texas via bus from El Salvador in January 2016, during the first half of pregnancy; her husband remained in El Salvador, and she denied physical contact with him or other sexual activity since her arrival in Texas. She denied ZIKV infection symptoms but consented to serologic screening and the infant's autopsy with appropriate genetic and virologic testing. The puerpera grieved her loss, but recovered well physically from her abdominal delivery and was discharged from the hospital on the third postoperative day. She provided written consent for the publication of this report. Cytogenetic analysis of cultured fibroblasts obtained from the left neonatal patellar tendon demonstrated normal female karyotype, 46XX ►Table 1, ►Fig. 2.
The Texas Department of State Health Services was alerted to the maternal travel history. Maternal blood was collected for flavivirus IgM antibody testing with enzymelinked immunosorbent assay. Umbilical and neonatal brain tissue specimens were also collected and formalin-fixed. Maternal serology was positive for flavivirus IgM. The CDC was contacted to process the specimens from the neonatal autopsy by real-time reverse-transcriptase polymerase chain reaction (rRT-PCR). The ZIKV NS-5 gene was identified by rRT-PCR in the umbilical cord, near its placental origin, and in the neonatal brain 9 in August 2016. The young Latina could no longer be reached for viremic testing at that point.
Discussion
We report the first case of neonatal demise related to travelassociated ZIKV infection in United States. 10 This case is remarkable for atypical fetal/neonatal neuropathology, growth restriction, late-onset microcephaly, funisitis of a two-vessel umbilical cord, and arthrogryposis with pulmonary hypoplasia-as well as the previously unseen prenatal sonographic finding of the hypoechoic fetal knee. We speculate that this case resulted from asymptomatic maternal ZIKV infection in El Salvador, during the first half of gestation well have gone undiagnosed. Two seminal articles published since this case, provide an atlas of neuroimaging findings in ZIKV embryopathy-including a single case with comparable presentation 10 -and a more crystallized delineation of the congenital ZIKV syndrome.
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To our knowledge, this is the first reported case of hypoechoic fetal knee, thought to represent inflamed epiphyseal cartilage and/or synovium with joint effusion, in general-and in association with ZIKV embryopathy, in particular. One may speculate as to the association of this novel prenatal sonographic finding with this fetal viral pathogenhowever, the unprecedented nature of both conditions makes random coincidence extremely unlikely. ZIKV shares clinical characteristics and tropisms with other flaviviruses, such as chikungunya, and is known to cause arthralgia in adults, therefore, at least transient fetal arthritis/effusion is not only biologically plausible, but also likely in the pathogenesis of ZIKV embryopathy and (along with neuromuscular pathology) may contribute to the end-result of fetal arthrogryposis-increasingly recognized as a hallmark of the congenital ZIKV syndrome. The pathogenesis of arthrogryposis associated with ZIKV embryopathy is thought to be due to a neurogenic or vascular insult. Tropism of ZIKV for fetal mesenchymal cells with an affinity for perichondrium has recently been reported 12 ; we speculate that this viral affinity may underlie the collapsed auricular cartilage and the novel sonographic marker of hypoechoic fetal knee noted in this case. The edema of the fetal dorsal foot ("Oedipus sign"-Greek for swollen foot) has been previously described in association with fetal Turner, Neu-Laxova, and Pena-Shokeir syndromes. Neonatal karyotype and physical examination excluded these fetal syndromes; arthrogryposis was confirmed at delivery, likely resulting in pulmonary hypoplasia in this perinatally lethal case of congenital ZIKV syndrome.
The funisitis with ZIKV-positive focus near the placental origin of the umbilical cord is noteworthy and indicates ongoing Zika viremia in the fetoplacental circulation at delivery. This is in accord with recent evidence that the fetus may act as a reservoir of ZIKV causing repetitive maternal reinfection throughout gestation 13 -and could explain the persistent maternal flavivirus IgM seropositivity, in this case, over 5 months after the estimated time of maternal ZIKV infection.
In summary, this first perinatally lethal case of congenital ZIKV syndrome in United States presented with atypical and novel prenatal sonographic findings, which may prove useful in tracking and diagnosing new cases of this global epidemic-and could have remained undiagnosed, if travel history and correlation with emerging data from Brazil had 
